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EspL Esx-1 secretion-associated protein L 
TB Tuberculosis 
Mt Mycobacterium Tuberculosis 
RD1 Region of difference 1 
ESAT-6 Early secreted antigenic target, 6 kDa 
CFP-10   Culture filtrate protein of 10 kDa 
PCR Polymerase chain reaction 
GST Glutathione S-transferase 
GB1 β1 Ig binding domain of protein G 
MBP Maltose-binding protein 
Trx Thioredoxin 
TEV Tobacco etch virus protease 
LB Luria Bertani 
FPLC Fast protein liquid chromatography 
PMSF Phenymethylsulfonylfluoride 
IPTG Isopropyl-β-thiogalactoside 
SDS-PAGE Soldium dodecyl sulphate-polyacrylamide gel electrophoresis 
DLS Dynamic light scattering analyses 
CD Circular dichroism 
NMR Nuclear Magnetic Resonance 
HSQC Heteronuclear single quantum coherence 
PDB Protein Data Bank 
APS Ammonium persulphate 
pI Isoelectric point 























Esx-1 分泌系统中的一个重要的蛋白，已有研究表明 EspL 可能通过影响另外两







MtEspL 蛋白的表达纯化和功能。我们摸索并优化了大量 MtEspL 重组子表达纯
化条件，最终成功地制备出大量的、高纯度的、构象均一的、稳定的 MtEspL蛋
白样品。MtEspL在大肠杆菌的产率是 14 mg/L，蛋白的纯度为 98%。然后，我
们用多种生物物理技术对 MtEspL蛋白进行了理化性质表征。动态光散射实验表
明 MtEspL以二聚体形式存在；远紫外 CD光谱实验表明 MtEspL的二级结构主
要以 α螺旋为主；脲变性实验表明 MtEspL结构的稳定性相对较差；1H-15N HSQC
实验表明 MtEspL在溶液中以对称二聚体存在，结构折叠良好，意味着有可能通
过生物 NMR技术解析 MtEspL的三维结构；荧光实验表明 MtEspL与 DNA有中
等偏强的相互作用。我们的研究结果为下一步解析 MtEspL的三维结构和深入阐
明 MtEspL的功能奠定了基础。 
EspG1 是结核分枝杆菌中 Esx-1 分泌系统中另外一个重要的蛋白
（MtEspG1），作为分子伴侣蛋白，它能够特异性地识别并结合 Esx-1 分泌系统





















包涵体变复性方法得到了大量的 MtEspG1 蛋白。MtEspG1 在 LB 培养基中的产


















The hallmark of tuberculosis is the formation of granulomas, which are formed 
by the infected macrophages and lymphocytes of the host. It has been thought that 
granulomas are beneficial to both the host and bacteria. Studies on the formation of 
granulomas are important to the understanding of pathogenic mechanism of 
tuberculosis. Previous studies show that the tuberculosis mycobacterium uses a 
special secretion system to secrete virulence factors across their hydrophobic cell 
envelope. These virulence factors are identified to be important for granuloma 
formation and virulence when Mycobacterium tuberculosis infects the host. As one of 
the ‘core’ genes in the cluster, Rv3880c gene codes an Esx-1 secretion-associated 
protein EspL from Mycobacterium tuberculosis (MtEspL). It has been reported that 
MtEspL was involved in the initiation of granuloma formation and had a strong 
influence on the secretion of other two virulence factors, EsxA and EspE. However, 
so far little is known about the tertiary structure and specific function of MtEspL due 
to the difficulty in preparing the high-quality protein. 
Structural biology is aimed at determining the three dimensional structures of the 
biological macromolecules, based on which, we can better understand the mechanism 
of regulatory process at molecule level. In this study, we tried several fusion tags and 
various expression conditions to recombinantly express MtEspL. Through a four-step 
purification procedure, ultimately, we successfully prepared the full-length EspL in 
Escherichia coli BL21 (DE3) with a purity of 98%. The yields of the purified EspL 
protein were 14 mg/L in Luria Bertani medium and 5.6 mg/L in M9 minimal medium, 
respectively. The 1H-15N HSQC spectrum recorded on EspL illustrates a favorable 
dispersion of the resonance peaks, indicating that the symmetric dimeric EspL 
adopted a well-folded structure and might be feasible to determine its solution 
structure by NMR spectroscopy. Moreover, we identified a strong DNA-binding 
ability of MtEspL with fluorescence quenching experiments. Our work lays the basis 















MtEspG1 is another important substrate of Esx-1 system. Previous study shows 
that MtEspG5 and MtEspG1 interact specially with PE/PPE proteins that are secreted 
by their own Esx systems and suggests that MtEspG proteins are specific chaperones 
for the secretion system. However, the molecular mechanism of the interaction is still 
unknown, which is hampered by determining the structure of MtEspG1. In this study, 
we successfully expressed MtEspG1 with a Trx fusion tag fused at the N terminus in 
Escherichia coli. And we purified MtEspG1 using denaturation and refolding method 
from inclusion bodies with a yield of 4.8 mg/L in Luria Bertani medium and a purity 
of 90%. Our work will lay the foundation of the structure and function studies of 
MtEspG1. 
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